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We have analyzed the data on J/ψ-to-Drell-Yan production cross section ratio in proton-nucleus
(p+A) and nucleus-nucleus (A+A) collisions, measured by the NA50 collaboration in the SPS energy
domain. Two component QVZ model has been employed to calculate J/ψ production cross sections.
For both J/ψ and Drell-Yan production, nuclear modifications to the free nucleon structure functions
are taken into account. In heavy-ion collisions, such modifications are assumed to be proportional to
the local nuclear density resulting in centrality dependent initial state effects. Differences in quark
and gluon shadowing leads to a new source of impact parameter dependence of the J/ψ to Drell-Yan
production ratio. For J/ψ, final state interaction of the produced cc¯ pairs with the nuclear medium
is also taken into account. A satisfactory description of the data in both p+A and A+A collisions
is obtained. Role of the shadowing corrections are investigated in detail. Model calculations are
extrapolated to predict the centrality dependence of J/ψ-to-Drell-Yan ratio in the FAIR energy
regime.
I. INTRODUCTION
The primary objective of the relativistic heavy-ion col-
lision experiments is to study the nuclear matter under
extreme conditions of temperature and density in the lab-
oratory. Of particular interest is the QCD predicted tran-
sition from the color confined hadronic phase to color de-
confined quark-gluon plasma (QGP) phase. However the
transient nature of the plasma renders its identification
very difficult. It necessitates the search for experimen-
tal evidences that would survive the complex evolution
through the later stages of the collision. J/ψ suppression
in nuclear collisions had long been identified as a diag-
nostic tool to indicate the occurrence of the deconfine-
ment transition [1–3]. However subsequent experimental
measurements found a considerable reduction of the J/ψ
yield already present in proton-nucleus (p+A) collisions,
which is attributed to the cold nuclear medium of the tar-
get nucleus. It is commonly expected that in addition to
the cold nuclear matter (CNM) suppression, in nuclear
collisions, formation of QGP would lead to anomalous
J/ψ suppression. At SPS, J/ψ suppression in heavy-ion
collisions is measured at a beam energy 158 A GeV, in
Pb+Pb collisions by NA50 collaboration [4] and in In+In
collisions by NA60 collaboration [5], in the same kine-
matic domain. Originally NA50 published their data on
J/ψ suppression in terms J/ψ-to-Drell-Yan (DY) ratio
at different collision centralities. Due to huge statisti-
cal uncertainties in measurement of Drell-Yan di-muons,
data from NA60 collaboration were published in terms of
the measured-by-expected ratio of J/ψ cross sections as a
function collision centrality, where expected denotes the
J/ψ production cross section evaluated incorporating the
nuclear absorption scenario following Glauber formalism
of nuclear scattering theory [6]. One obvious disadvan-
tage in this case is that the experimental data become
sensitive to the theoretical model inputs. Recently both
In+In and Pb+Pb data are presented in terms of the
nuclear modification factor (RAA) [7] defined as the ra-
tio of J/ψ production cross sections in A+A (σ
J/ψ
AA ) and
p+p (σ
J/ψ
pp ) collisions. In this case as well, the p+p mea-
surements were not performed; rather σ
J/ψ
pp was obtained
through extrapolation of the parametrized 158 GeV p+A
data up to A = 1. In our previous work [8], we have
shown that the both the data sets on centrality depen-
dence of R
J/ψ
AA , in In+In and Pb+Pb collisions can be
reasonably described by the adapted version of the QVZ
approach [9]. In the present article, we aim to check the
viability of our model by examining the available data
corpus on J/ψ-to-Drell-Yan ratio in p + A [10, 11] and
Pb+Pb [4] collisions measured by NA50 collaboration,
at SPS energies. The advantage of analyzing this ratio
is that the cross-sections for both the processes are di-
rectly measured in the experiment. Moreover since the
muon pairs for both events were collected in the same
run, it certainly gives a better control over the system-
atic uncertainties. A special emphasis is put on the role
of parton shadowing in deciding the behavior of J/ψ-to-
Drell-Yan ratio observed in nucleon-nucleus and nucleus-
nucleus collisions, and its sensitivity to the differences
in quark and gluon shadowing parameters. Such effects
of parton shadowing on J/ψ production in p + A and
A + A collisions have also been investigated earlier [12–
15], within the energy domains of SPS, RHIC and LHC.
Shadowing factors have been evaluated as a function of
rapidity and collision centrality. Our analysis is moti-
vated by and akin to such previous studies as far as eval-
uation of shadowing effects are concerned. In addition
we have also taken into account final state nuclear disso-
ciation of J/ψ in order to explain the measured data.
Organization of the paper is the following. In section
II we briefly describe our theoretical framework for cal-
culation of J/ψ and Drell-Yan production cross section
in p+A and A+A collisions. Section III is devoted to the
analysis of the relevant SPS data. In section IV we give
predictions for the centrality dependence of this ratio for
the upcoming Compressed Baryonic Matter (CBM) ex-
periment [16] at FAIR. In section V we summarize and
conclude.
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FIG. 1: (Color online) Model description of the data on ratio of the J/ψ-to-Drell-Yan production cross-sections in (a) 450 GeV high
intensity (HI) run, (b) 450 GeV low intensity (LI) run and (c) 400 GeV p + A collisions, measured by NA50 collaboration at SPS. Bµµ
denotes the branching ratio of J/ψ decaying into di-muons. The two theoretical curves represents two different parametric forms of J/ψ
formation probability (F (q2)).
II. THEORETICAL FRAMEWORK
In order to calculate J/ψ production, we have used
the adapted version of the originally proposed QVZ
model [9]. Details of the original model and its modi-
fications as used in the present calculations can be found
in [8, 9, 17–19]. Here we present a brief description for
completeness. The QVZ model assumes J/ψ production
hadronic collisions as a factorisable two component pro-
cess. Production of a cc¯ pair, in the initial hard scattering
is the first stage and is accounted by perturbative QCD.
Hadronization of the cc¯ pair to a physical J/ψ meson
forms the second stage. This is non-perturbative in na-
ture and can be suitably parametrized following different
hadronization schemes. The single differential J/ψ pro-
duction cross section in collisions of hadrons h1 and h2,
at the center of mass energy
√
s can be expressed as,
dσ
J/ψ
h1h2
dxF
= KJ/ψ
∫
dQ2
(
dσcc¯h1h2
dQ2dxF
)
× Fcc¯→J/ψ(q2), (1)
where Q2 = q2 + 4m2C , with mC being the charm
quark mass and xF is the Feynman scaling variable.
KJ/ψ accounts for effective higher order contributions.
Fcc¯→J/ψ(q2) denotes the transition probability of a color
averaged cc¯ pair with relative momentum square q2 to
evolve into a physical J/ψ meson, in hadronic collisions.
Different parametric forms have been formulated for the
transition probability, motivated by the available mod-
els of color neutralization. Out of them, two functional
forms namely the Gaussian form (F (G)(q2)) and power
law form (F (P)(q2)) respectively bearing the essential
features of the Color-Singlet [20] and Color-Octet [21]
models have been found earlier to describe the J/ψ pro-
duction cross section data in p+ A collisions reasonably
well [19].
In p+ A collisions, J/ψ production is effected by sev-
eral cold nuclear matter effects that become operative at
different stages of evolution. At the initial stage, nuclear
modifications of the parton densities of the target nucle-
ons affect the cc¯ pair production cross section. The mech-
anisms governing these modifications are still largely un-
known. However based on global DGLAP analysis, sev-
eral groups have produced parameterizations of the ratio
Ri(A, x,Q
2), that convert the free-proton distributions
for each parton i, fpi (x,Q
2), into nuclear ones (nPDF),
fAi (x,Q
2), using the available data from deep inelastic
scattering (DIS) and Drell-Yan measurements performed
with nuclear targets(see [22] for a recent comprehensive
review on nPDFS and the references therein). In our
analysis, to maintain accordance with our earlier works,
we opted for leading order (LO) MSTW2008 [23] set for
free proton pdf and LO global EPS09 [24] interface for
the ratio Ri(A, x,Q
2).
In heavy-ion collisions, parton densities are modified
both inside projectile and target nuclei. Depending on
the collision geometry, either the halo or the core of the
nuclei will be mainly involved in the reaction. Conse-
quently the shadowing effects will be more important in
the core than in the periphery. Hence the shadowing
factors have to be calculated for various centrality inter-
vals. Different prescriptions are available in literature to
model the impact parameter dependent shadowing fac-
tors [13, 14, 25]. In the present calculations we imple-
ment the spatial dependence of shadowing functions as-
suming them to be proportional to the local nuclear den-
sity [13, 14], with Woods-Saxon (WS) profile chosen for
nuclear density distributions. Inhomogeneous shadowing
effects inside the nucleus can also be invoked by postu-
lating them to be linearly proportional to the density
weighted longitudinal thickness of nucleus at the tran-
severse position of the binary collision (TA(rT) defined
as TA(rT) =
∫
ρA(rT, z)dz, where ρA(rT, z) is the local
nuclear density at a point (rT, z) inside the nucleus A.
However these two parameterizations of local shadowing
have been found to give similar result at SPS energies,
their difference lies within 2% − 3% [15]. Recently spa-
tial dependence of the nPDFs has been studied in de-
tail using the A-dependence of the spatially independent
global EPS09 and EKS98 routines [25]. Spatial depen-
dence is modelled as a power series of TA, having terms
up to (TA)
4. Two spatially dependent nPDF sets namely
EPS09s and EKS98s have also been released for public
use.
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FIG. 2: (Color online) Centrality dependence of J/ψ/DY ratio in 158 A GeV Pb+Pb collisions, measured through di-muon channel,
within the acceptance (0 ≤ yc.m. ≤ 1 and −0.5 ≤ cos(θcs) ≤ 0.5) of the NA50 muon spectrometer. Data were published using three
independent centrality estimators based on the measurements of : (a) transverse energy (ET ), (b) forward energy (EZDC) and (c) total
charged particle multiplicity (Nch) (see text for details). The theoretical curve correspond to the power law (F
(p)(q2)) parametric form of
the J/ψ transition probability. Model calculations do not take into account the shadowing corrections of the projectile nucleons and thus
completely underestimate the data.
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FIG. 3: (Color online) Centrality dependence of J/ψ production in Pb+Pb collisions measured at 158 A GeV beam energy. Data
analyzed with three independent centrality estimators, namely (a) ET , (b) EZDC and (c) Nch are shown independently. Data sample
were collected within the phase space window: 0 ≤ yc.m. ≤ 1 and −0.5 ≤ cos(θcs) ≤ 0.5. The theoretical curves correspond to the two
different parametric forms of the J/ψ transition probability. Global shadowing corrections of the projectile and target nucleons are taken
into account.
In p+A and A+A collisions, the nascent cc¯ pairs once
produced will pass through the nuclear medium. During
their passage they undergo multiple collisions with the
medium and gain relative square four momentum at a
rate of ε2 per unit path length. Some of the cc¯ pairs can
thus gain enough momentum to cross the threshold to
evolve as open charm mesons (DD¯ pairs). This would
finally result in the reduction of J/ψ yield compared to
the nucleon-nucleon collisions. The overall effect of the
multiple scattering of the cc¯ pairs can be represented by
a shift of q2 in the transition probability,
q2 −→ q¯2 = q2 + ε2 < L > . (2)
where, < L > denotes the average geometrical path
length traversed by the cc¯ pair till it exits the medium
and is calculated using Glauber model. For both pa-
rameterizations of transition probability, F (q2), the cor-
responding values of ε2, extracted from the analysis of
absolute J/ψ production cross-sections in p + A colli-
sions, exhibited non-trivial dependence on the beam en-
ergy (Eb) [19]. Lower be the beam energy, larger is the
value of ε2, implying larger nuclear dissociation.
In Drell-Yan process, a quark and an anti-quark from
the nucleons of the two colliding nuclei annihilate to form
a virtual photon which subsequently decays into a µ+µ−
pair. The leading order Drell-Yan cross section can be
calculated by using the standard prescription (see for ex-
ample, Ref. [3]). They are not affected by any final state
effect. Only CNM effect incorporated is the nuclear mod-
ification of the parton distribution functions. The inclu-
sive cross sections can be obtained by integrating the
double differential cross section within the suitable mass
and rapidity range as appropriate for a particular exper-
imental set up.
III. ANALYSIS OF SPS DATA
With this brief description of the model, we will now
move forward to examine the reliability of the model cal-
culations in describing the available data sets on J/ψ-
to-Drell-Yan ratio at SPS, available from NA50 collab-
oration. Uncertainties in the ratio are mostly domi-
nated by the statistical errors of the Drell-Yan produc-
tion cross-section data. NA50 measured J/ψ through
its di-muon decay channel. For p + A collisions the
said ratio was measured with both 400 GeV [10] and
450 GeV [11] proton beams. In case of Pb+Pb colli-
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FIG. 4: (Color online) Model calculation of the centrality dependence of J/ψ production contrasted with the data for Pb+Pb collisions
measured by NA50 collaboration at 158 A GeV beam energy and in the kinematic domain: 0 ≤ yc.m. ≤ 1 and −0.5 ≤ cos(θcs) < 0.5. Data
sets corresponding to all three independent centrality estimators, (a) ET , (b) EZDC and (c) Nch are shown. Shadowing corrections of the
projectile and target nucleons as incorporated in the model, are assumed to be proportional to the local nuclear density. For comparison
global shadowing corrections are also shown.
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FIG. 5: (Color online) Centrality dependence of the shadowing function for (a) J/ψ (left), (b) Drell-Yan productions (middle) and
(c) ratio of the two production cross sections in di-muon channel, in absence of any final state nuclear dissociation of J/ψ (RAA
J/ψ/DY
=
BµµσAAJ/ψ(ε
2 = 0)/σAADY ) (right), estimated for 158 A GeV Pb+Pb collisions. Total cross-sections are obtained by integrating the differential
cross-section in the rapidity range 0 < yc.m. < 1, which corresponds to the rapidity coverage of the NA50 di-muon system for the Pb-Pb
run.
sions the data were collected at 158 A GeV [4]. For
450 GeV, NA50 collected two sets of p + A data in two
independent runs with different beam intensities. The
first (ever) set were collected with a high intensity (HI)
450 GeV proton beam using five different nuclear targets
(Be,Al, Cu,Ag,W ). Subsequently at the same beam en-
ergy new p + A data samples were collected with low
beam intensity (LI) and with same set of targets. The
data sets at 450 GeV are corresponded to the phase space
window: −0.5 < yc.m. < 0.5 and −0.5 < cos(θcs) < 0.5,
where yc.m. denotes di-muon centre-of-mass rapidity and
θcs is the Collins-Soper angle. NA50 also took data with
400 GeV incident proton beam using six different tar-
get nuclei (Be,Al, Cu,Ag,W,Pb). Data were selected
in the kinemtaic region: −0.425 < yc.m. < 0.575 and
−0.5 < cos(θcs) < 0.5. Unlike previous measurements,
in 400 GeV run, data for all targets were collected in the
same data taking period which siginificantly reduces the
systematic errors.
In Fig. 1 we show the variation of the J/ψ-to-Drell-
Yan cross section ratio as a function < L >, for various
p + A systems. The two theory curves result from fit-
ting the above data sets following two parameterizations
of F (q2), representing two different physical mechanisms
of J/ψ formation, as mentioned earlier. For both the
cases nuclear modification of parton densities are taken
into account. The < L > values as published with the
data are used to generate the theoretical curves. Differ-
ent < L > correspond to different target nuclei, for which
corresponding EPS09 set of nPDF is implemented. Note
that for a given parameterization of F (q2) (power-law or
Gaussian), our employed model contains three param-
eters. Two of them, namely 2 and αF were already
fixed earlier [19] using inclusive data on absolute J/ψ
production cross sections in p + A and p + p collisions
respectively. The only free parameter left for the current
analysis is the Keff defined as Keff = fJ/ψ/KDY , where
fJ/ψ = KJ/ψ × NJ/ψ. KDY takes care of higher order
effects in Drell-Yan production. As evident from the fig-
ure, both the curves can give a satisfactory description
of the data. This is of course expected from our earlier
observation, where we found that the J/ψ production in
p+A collisions at SPS energies is well described by both
forms of F (q2).
Let us now examine the ratio in Pb+Pb collisions at
158 A GeV. In this case, all the model parameters, as
mentioned earlier, are fixed from the p+A data. We have
selected the latest data set published by NA50 collabora-
tion [4]. Data were collected in the di-muon kinematic do-
main 0 < yc.m. < 1 and −0.5 < cos(θcs) < 0.5. Drell-Yan
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FIG. 6: (Color online) Rapidity dependence of the shadowing func-
tion for J/ψ in 158 A GeV Pb+Pb collisions within the coverage
of NA50 muon system. The contributions from quark-antiquark
(qq¯) annihilation and gluon-gluon (gg) fusion are shown separately
along with the total cross section.
differential cross-sections are integrated in the mass do-
main 2.9− 4.5 GeV/c2. Analysis has been performed us-
ing three independent centrality estimators, namely, neu-
tral transverse energy (ET ) deposited in electromagnetic
calorimeter, forward energy (EZDC) deposited in zero de-
gree calorimeter and charge particle multiplicity per unit
of pseudo-rapidity at mid-rapidity (dNch/dη)max (desig-
nated by Nch in the figures). For each case, the centrality
classes and the corresponding values of number of par-
ticipant nucleons (Npart), of impact parameter (b), and
of the average path length of nuclear matter traversed
by the pre-resonant cc¯ pair (< L >) are also given. As
earlier, we have used those < L > values in our model
calculations. It is also important to mention that for
Pb+Pb collisions, no model parameter is tuned. All the
model parameters are fixed from the present (keff ) and
previous (αF and 
2) analysis of the available p+A data
sets.
To investigate the role played by parton shadowing
in detail let us first compare the data with our model
calculations without incorporating the nuclear modifica-
tions of projectile nucleons. Results are illustrated in
Fig. 2. The theoretical curves correspond to the power
law parametrization of F (q2). As evident from the fig-
ure, the theoretical curves completely underestimate the
data (Same is true for the Gaussian though not shown
explicitly). The dominant contribution to J/ψ produc-
tion comes from gluon fusion and at the SPS kinematic
domain gluons in the projectile nucleons are heavily anti-
shadowed, within EPS09 routines. Once these shadow-
ing corrections of projectile partons are taken into ac-
count, a much better description of the data is obtained
as seen in Fig. 3. Here we have contrasted the data with
both forms of F (q2). For both the cases we have con-
sidered global shadowing implying the shadowing factors
are independent of the spatial location of the partons.
In consistency with the previous observations, power-law
form (F (P )(q2)), due to threshold effects, generates much
larger suppression compared to the Gaussian (F (G)(q2))
case and thus can explain the Pb+Pb data even for most
central collisions. Gaussian form on the other hand un-
derestimates the suppression at least for higher centrali-
ties. Note that suppression for F (G)(q2) is equivalent to
that generated by Glauber model with Eikonal approx-
imation [19]. Finally in Fig. 4, we have examined the
effects of density dependent local shadowing as imple-
mented in the model. The effect of spatial dependence
of shadowing is more visible for peripheral collisions. As
stated earlier, at the SPS energy regime gluon densities
in both target and projectile exhibit over populations and
hence when a spatial inhomogenity is incorporated, glu-
ons at the core are more effected compared to those near
the surface. Hence in peripheral collisions the J/ψ pro-
duction cross section is less for local shadowing compared
to the global case (where the amount of anti-shadowing
is independent of spatial position of the partons and thus
same for different centrality intervals) and for most cen-
tral collision it is more. To examine such geometrical
effects in more detail, let us now calculate the shadow-
ing function (SJ/ψ(SDY )), defined as the ratio between
J/ψ (or Drell-Yan) production cross-sections in Pb+Pb
and p+p collisions in absence of any final state interac-
tion. Owing to difference in quark and gluon shadow-
ing effects, behavior of the resulting shadowing functions
for J/ψ and Drell-Yan productions will also be differ-
ent. This is illustrated in Fig. 5, where we have plotted
the variation of the shadowing functions in 158 A GeV
Pb+Pb collisions as a function of b.
As evident from the figure, in the kinematic domain
probed by SPS heavy-ion collisions, J/ψ production gets
enhanced due to increasing gluon densities whereas the
shadowing effects in Drell-Yan production can be at-
tributed to the depleted quark densities inside the Pb
nucleus. Effects are maximum for central collisions, as
expected. We have also plotted the ratio RAAJ/ψ/DY de-
fined as the ratio of the two production cross sections
in di-muon channel, in absence of any final state nuclear
dissociation (RAAJ/ψ/DY = Bµµσ
AA
J/ψ(ε
2 = 0)/σAADY ). Due
to absence of final state dissociation the ratio exhibits
a decreasing trend with decrease in collision centrality.
Note for b = 0, the ratio assumes a value RAAJ/ψ/DY ' 53.
It is close to the normalization factor used in [26] to de-
scribe the J/ψ/DY ratio in 158 A GeV Pb+Pb collisions.
It might also be interesting to look at the rapidity de-
pendence of the shadowing function. In Fig. 6, we have
shown the rapidity dependence of the shadowing function
for J/ψ production. The contributions arising from the
gluon-gluon (gg) fusion and quark-antiquark (qq¯) annihi-
lation are plotted separately along with their sum. The
shadowing effects for quark annihilation at forward ra-
pidity, is more than compensated by gluon fusion.
The reader may note that all our present calcula-
tions are based on the default EPS09 nPDF sets. With
this parametrization, we are able to describe the en-
tire Pb+Pb data within the QVZ approach. However
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FIG. 7: (Color online) Impact parameter dependence of the shadowing functions, for (a) J/ψ (left), (b) Drell-Yan productions (middle)
and (c) the ratio of the two production cross sections in absence of any final state interaction of J/ψ in the nuclear medium (right).
Shadowing factors are evaluated at mid-rapidity, in 25 A GeV Au+Au collisions.
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FIG. 8: (Color online) Variation of the nuclear parton distribution
(nPDF), inside Au nucleus, as a function of the momentum frac-
tion x. Parton densities are evaluated following LO EPS09 default
parametrization at a momentum scale Q = 3.1 GeV, appropriate
for J/ψ production. The uncertainties in the nPDF sets are not
taken into consideration.
there are many other parameterizations of nuclear par-
ton densities, for which, in particular the gluon dis-
tributions which can not be probed directly in experi-
ments, are of very different nature. One can perform a
systematic study with different nPDF sets as inputs to
check whether all of them can reproduce the Pb+Pb data
equally well by compensating the difference in shadowing
effects by adjusting the model parameter 2 that accounts
for the final state nuclear dissociation. Earlier we have
seen that the p + A data at different SPS energies can
also be described within QVZ model using free parton
pdfs [19]. In that case one gets relatively smaller values
of 2 (provided all other model parameters are fixed from
p + p data) due to absence of anti-shadowing effects. In
[27], the authors have analyzed the J/ψ production cross
sections in p+A collisions at different fixed target exper-
iments, within the Glauber model framework. They used
several sets of nuclear parton distributions having large
difference in gluon densities for a given x. All of them
are found to reproduce the data with different values of
final state J/ψ absorption cross section (σ
J/ψ
abs ). Stronger
is the anti-shadowing enhancement in the initial state
gluon pdf, larger is the extracted σ
J/ψ
abs . Similar effects
might be seen in case of heavy-ion data as well, but one
certainly needs a quantitative check to make any robust
conclusion and we plan to do so in a future communica-
tion. In this context, we would also like to point out that
in the original proposition of QVZ model nuclear effects
on parton densities were not taken into account. Even
then the model was found to describe the then available
NA50 data on J/ψ suppression in Pb+Pb collisions. In
that case the value of 2 was tuned from the heavy-ion
data itself. Unfortunately a direct comparison with our
2 value is not possible due to difference in the other
model parameters.
IV. PREDICTION AT FAIR
In this section we will extrapolate our model to make
predictions on parton shadowing and resulting central-
ity dependence of J/ψ-to-Drell-Yan ratio in nuclear col-
lisions at FAIR. As a baseline we choose the Au+Au col-
lisions at a beam energy 25 A GeV, that will be within
the reach of the FAIR accelerators. Such extrapolations
are of course based on the hope that perturbative cal-
culations are still valid at FAIR energy domain. How-
ever in such low energy collisions quarkonium produc-
tion would occur close to the threshold and factorization
of the initial state into parton distribution functions may
not be valid (see for example [28] for an alternative ap-
proach to calculate near-threshold quarkonium produc-
tion based on scaling theory). But the test of the QCD
factorization in the near threshold production can only
be performed once we have data. Let us first investi-
gate the behavior of the shadowing functions for J/Ψ
and Drell-Yan productions in the FAIR energy domain.
Inclusive cross sections for J/ψ production is obtained
by integrating the single differential distribution over the
rapidity range: −0.5 ≤ yc.m. ≤ 0.5. For Drell-Yan pro-
cess, double differential cross section is integrated over
the mass range 2.9 ≤ mµµ ≤ 4.5 GeV/c2 and rapidity
range: −0.5 ≤ yc.m. ≤ 0.5. As illustrated in Fig. 7, both
the J/ψ as well as Drell-Yan productions exhibit shadow-
ing, with Drell-Yan production showing stronger effects,
where the production cross sections in central Pb+Pb
7<L> (fm)
5 6 7 8 9
D
Y
σ/
ψ
J/
σ µµB
5
10
15
20
(G)F
(P)F
(a)
partN
100 200 300
ψ
J/ AA
,C
NM
R
0.1
0.2
0.3
0.4
0.5 (P)F
(G)F
(b)
FIG. 9: (Color online) Model prediction for centrality dependence of the (a) J/ψ-to-Drell-Yan ratio and (b) nuclear modification factor of
J/ψ (R
J/ψ
AA ), in 25 A GeV Au+Au collisions, at mid-rapidity. The CNM effects incorporated in the model calculations include the density
dependent shadowing corrections in the initial state and final state dissociation of the pre-resonant cc¯ pairs inside the nuclear medium.
No hot medium effect is taken into account. Two theory curves, as usual correspond to the two different parametric forms of the J/ψ
transition probability representing different color neutralization mechanisms.
collisions reduces by almost 50% compared to p+ p col-
lisions. The way these shadowing and anti-shadowing
corrections affect the J/ψ to Drell-Yan ratio at different
collision energies, can be understood better if one looks
at the evolution of the nuclear parton densities. Fig. 8
shows the variation of EPS09 nuclear PDFs inside Au
nucleus, evaluated at a momentum scale Q = 3.1 GeV,
suitable for J/ψ production, as a function of momentum
fraction, x. Since at SPS and FAIR energies production
is dominantly at mid-rapidity, so let us consider the re-
gion yc.m. ≈ 0, which would correspond to the domain
x1 = x2 = x = Q/
√
sNN . Hence at SPS (
√
sNN ≈ 17.3
GeV), we have xSPS ≈ 0.18, where both the gluons and
valence quarks densities exhibit anti-shadowing whereas
the sea quarks show shadowing effects. This is finally
reflected in SJ/ψ > 1 and SDY < 1 at SPS energies. On
the other hand, the upcoming expriment at FAIR en-
ergies (
√
sNN ≈ 6.9 GeV), would probe the kinematic
region xFAIR ≈ 0.45. In this regime, gluon, valence
quark as well as sea quark densities inside the nuclei get
depleted (the EMC effect). Due to higher depletion of
sea quarks, Drell-Yan process shows stronger reductions.
Also even in the absence of the final state dissociation
of the pre-resonance cc¯ pairs, the initial state shadowing
effects alone lead to a 10 -15 % suppression J/ψ produc-
tion in Pb+Pb collisions. Eventually this also leads to
lower values for the ratio RAAJ/ψ/DY compared to the SPS.
We would like to end this section with quantitative pre-
dictions for J/ψ-to-Drell-Yan ratio in presence of CNM
suppressions, which can be directly contrasted with the
data when available. In case the data for Drell-Yan pro-
duction suffers from lack of sizable statistics, the suppres-
sions can also be characterized in terms RAA. Most of
the present day experiments like those at RHIC or LHC
are publishing their results on charmonium suppression
in terms of RAA. At FAIR energies also one can express
the data in terms of RAA, though our wish in that case
would be a direct measurement of charmonium produc-
tion cross sections in p + p collisions, rather than the
extrapolation of the p + A results. In Fig. 9 we thus
present our model predictions for centrality dependence
J/ψ suppression in Au+Au collisions both in terms of
J/ψ/DY ratio as well as RAA. The two theory curves,
as usual correspond to two different parameterizations
of F (q2). The corresponding values of 2 accounting for
final state dissociation are obtained from the beam en-
ergy dependence of 2(Eb), parametrized in [19]. Note
that at SPS energy domain, the entire data corpus for
158 A GeV Pb+Pb collisions, can be described by CNM
effects alone, provided we opt for power-law (F (P )(q2))
form for J/ψ transition probability. If the data those
will be collected at FAIR would show smaller values of
the ratio compared to the present estimations, then such
additional suppressions can be attributed to the presence
of a secondary medium, characterization of which will be
of further theoretical interest.
V. SUMMARY
In summary, we have discussed the J/ψ-to-Drell-Yan
ratio in p+A and A+A collisions, measured by NA50 col-
laboration at SPS, indicating a significant role that the
nuclear modification of the parton densities may have
on these ratios. The J/ψ cross sections are mainly sen-
sitive to the gluon distributions, whereas the Drell-Yan
cross sections are dominated by qq¯ annihilation. As the
nuclear effects in parton distributions are in general dif-
ferent for quarks and gluons, they are found to induce
a relatively large effect on J/ψ-to-Drell-Yan ratio. The
nuclear dissociation of the pre-resonant cc¯ pairs is also
taken into account by our calculations. Once the nuclear-
modified parton densities inside the target and projectile
nuclei are correctly taken into account,our analysis gives
a reasonable description of data for both p + A as well
as Pb+Pb collisions. Thus it leaves no room for any ad-
ditional suppression mechanism to set in even for most
central Pb+Pb collisions, where formation of a hot and
8dense secondary medium is highly envisaged. One might
note that although the pattern describing the centrality
dependence of σJ/ψ/σDY remains essentially unaffected,
the numerical values of the ratio are somewhat sensitive
to the specific choice of the pdf. This happens because
different pdfs give slightly different shape of DY di-muon
mass distribution and consequently lead to a different
DY yield in the region 2.9 ≤ mµµ ≤ 4.5 GeV/c2. For
consistency one should use a single set of pdf for all data
samples. In our calculations, we have used LO central
MSTW set for free proton pdfs and LO EPS09 default
interface for the nuclear effects. The errors in the pdf sets
are ignored in the present calculations. A more detailed
calculations should take such uncertainties into account
though they are not expected to produce large effects
so to change our main results. MSTW takes into ac-
count the iso-spin asymmetry of the quark sea (u¯ 6= d¯).
In case of nuclear collisions, the shadowing factors are
assumed to be proportional to the local nuclear density
which gives rise to the new source of impact parame-
ter dependence of the J/ψ-to-Drell-Yan ratio. Explicit
evaluation of the shadowing factors in Pb+Pb collisions,
show that in the kinematic domain probed by SPS, J/ψ
production is anti-shadowed whereas Drell-Yan produc-
tion undergoes shadowing. Model is extrapolated to pre-
dict the centrality dependence of J/ψ-to-Drell-Yan ratio
in Au+Au collisions at FAIR. In this regime both J/ψ
and Drell-Yan productions are found to undergo suppres-
sion due to depletion of nuclear parton densities. In order
to determine the final state effects in charmonium pro-
duction, such initial state modifications must evidently
be brought under control. Data from the future FAIR ac-
celerators with unprecedented high beam intensities are
thus highly welcome. One can be hopeful to minimize
statistical errors prevalent for Drell-Yan pairs, at FAIR,
provided the data will be collected for a fairly long period.
A precise determination of the nuclear effects will also
help to distinguish the possible effects of a compressed
baryonic matter anticipated at FAIR energy collisions.
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